ABSTRACT Disordering of brain and erythrocyte membranes by ethanol in vitro was measured by ESR using 5-doxylstearic acid as spin label. Synaptosomal plasma membranes and erythrocyte membranes were isolated from two lines of mice developed, by selective breeding, for differential sensitivity to hypnotic effects of ethanol. Membranes taken from alcohol-sensitive "long-sleep" mice were more strongly disordered by ethanol in vitro than were membranes from alcohol-resistant "short-sleep" mice. Furthermore, within a population of genetically heterogeneous mice, the most ethanol-sensitive animals had the most ethanol-sensitive synaptosomal plasma membranes. In vivo sensitivity of the individual mice was evaluated by measuring brain ethanol levels at a precise behavioral end point, recovery from ataxia. The data extend our previous observations of correlations between in vitro and in vivo effects of ethanol and suggest that membrane disordering may be a primary mechanism of acute effects of ethanol.
The physical action of ethanol on cell membranes can be demonstrated in vitro by a change in the order parameter, S, ofspinlabeled biomembranes. The order parameter represents the degree of restraint imposed on molecular motion by the membrane structure in the environment of the probe. We have previously shown that addition of ethanol to spin-labeled mouse synaptosomal and erythrocyte plasma membranes in vitro disorders the membranes. This effect is concentration-related over the range 10-350 mM (1) and is stronger in the membrane core than near the surface (2) . To address the question of whether the disordering is directly related to the behavioral effects of ethanol, we seek pharmacological, temporal, and genetic correlations between in vivo and in vitro responsiveness to ethanol. Pharmacological correlations are studied by comparing potencies ofdrugs in vivo and in vitro. We have shown that the membrane-disordering action of a series of aliphatic alcohols correlates well with their potency in vivo as measured by the ED50 for loss of righting reflex in mice (3) . Temporal correlations are studied by comparing the time courses of altered drug sensitivity (e.g., during chronic administration) and of the in vitro effect. We have reported that membranes isolated from mice that had been treated chronically with ethanol were resistant to ethanol added in vitro, indicating that mice and membranes had developed tolerance in parallel (4).
Here we report a genetic correlation. We measured the in vivo and in vitro effects of ethanol in genetically different populations of animals. We used the "long-sleep" (LS) and "shortsleep" (SS) lines of mice (5) Preparation of Membranes. Synaptosomal plasma membrane fractions were prepared from whole brain homogenates by the flotation-sedimentation procedure of Jones and Matus (9), as described (1) . Brains from two or three LS or SS mice were pooled, and three such pools were used for each line. In testing the HS mice, membrane fractions were prepared from individual mice; the three most sensitive and three most resistant mice each day were used. Synaptosomal plasma memAbbreviations: LS, long-sleep; SS, short-sleep; HS, heterogeneous stock.
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brane preparations were frozen in liquid nitrogen until used; they were thawed before spin-labeling.
Erythrocyte ghosts were prepared from LS and SS mice, by a modification ofthe method of Kury and McConnell (10) , from tail blood and trunk blood obtained after decapitation. Blood was pooled from the same mice used for the pooled brains. The ghost suspension was brought to 80% particulate matter by volume before spin labeling. Erythrocyte membranes were used within 24 hr of preparation.
ESR Measurements. The membranes were spin-labeled with 5-doxylstearic acid as described (2) (11) . The samples were placed in capillary tubes and inserted in the cavity of a Varian E-104A ESR spectrometer thermostated to 37C (except in the experiment in which temperature was varied). The digitized spectral data were used to compute the polarity-corrected order parameter, S, according to Hubbell and McConnell (12) , as described (2) . The order parameter for each sample was the mean of three or more scans on the same sample. RESULTS
Membrane Fluidity in LS and SS Mice. The order parameters of erythrocyte and synaptosomal plasma membranes isolated from the LS and SS lines of mice were similar in the absence ofadded ethanol. For erythrocyte membranes, the mean (± SEM) order parameter for three pooled blood preparations was 0.608 ± 0.005 for LS mice and 0.605 ± 0.005 for SS mice. The order parameters for the corresponding synaptosomal plasma membranes were 0.595 ± 0.001 for LS and 0.594 _ 0.001 for SS mice.
On addition of ethanol, a difference between the LS and SS lines was revealed. Ethanol disordered synaptosomal and erythrocyte membranes from both lines of mice, but membranes from LS mice were more affected than were those of SS mice. For erythrocyte membranes (not shown), the ethanol-induced change in order parameter showed a significant (genetic) line effect (P < 0.05) and ethanol effect (P < 0.05) in a two-way analysis ofvariance. For synaptosomal plasma membranes (Fig.  1) , both effects were highly significant: for the line effect, P < 0.001; for the ethanol effect, P < 0.001.
To study the specificity ofthe membrane response to ethanol, we investigated the effect of another agent that can change membrane order-namely, temperature. Order parameters were determined with 5-doxylstearic acid at four temperatures between 30 and 390C. Membranes from the LS and SS lines did not differ in response to temperature (Fig. 2) from individual mice ofthe sensitive group were more sensitive to ethanol in vitro than were membranes of mice from the ethanol-resistant group (Fig. 3) . Analysis of variance for the combined data showed significant effects on the decrease in order parameter from base line according to group (P < 0.001) and ethanol concentration (P < 0.001). The base-line order parameters did not differ significantly between groups; they were 0.590 ± 0.0002 (mean ± SEM) for ethanol-sensitive and 0.590 + 0.0002 for ethanol-resistant mice. An earlier experiment of the same design also gave statistically significant differences in ethanol-induced disordering between the groups (P < 0.05) and the ethanol concentrations (P < 0.001), with no difference in base-line order parameters. With respect to membrane disordering, the lines that had been selectively bred over many generations were remarkably similar to the mice that were selected for sensitivity or resistance to ethanol in the foundation population. When the breeding program was initiated, the HS mice chosen as breeders in .the first generation were the longest and shortest sleepers after a standard dose of ethanol and were therefore quite comparable to our selected sensitive and resistant HS mice. This suggests that the initial breeding stock for the two lines already differed in membrane sensitivity to ethanol; subsequent generations apparently accumulated genes for other mechanisms of differential sensitivity, rather than further change in membrane disordering, to produce the slow divergence of the sleep times of the two lines. The differential sensitivity of the synaptosomal plasma membranes of the two lines does not appear to have increased during the selective breeding.
DISCUSSION
We found no difference in base-line order parameter between the selectively bred lines or between the sensitive and resistant groups of HS mice when they were tested with 5-doxylstearic acid as spin label. Waring et aL (15) , using liver mitochondriafrom rats chronically treated with ethanol, found that measurements at 15TC revealed a difference in base-line order parameter that was not apparent at 37C. We did not see any difference in order parameter between membranes of LS and SS mice at temperatures between 30 and 39TC (Fig. 2) . We have recently found that an increased order parameter can be detected in membranes from mice treated chronically with ethanol if 12-doxylstearic acid is used as spin label rather than 5-doxylstearic acid as used here (16) . The 12-doxyl probe monitors molecular motion deeper in the membrane than does the 5-doxyl spin label. Thus, it is possible that a genetically determined difference in base-line order parameter might be observable with another probe.
The findings, together with our previous data on pharmacological correlations and on the ethanol resistance of membranes from tolerant mice, suggest that membrane disordering may be the primary mechanism of ethanol intoxication.
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